Professor F R Bell (Department ofMedicine, Royal Veterinary College, Hawkshead House, North Mimms, Hertfordshire) Sleep in the Larger Domesticated Animals All mammals probably show the reciprocal behavioural states of sleep and wakefulness. Wakefulness with its concomitant alertness and lowering of sensory thresholds is similar in all species and is probably brought about by activation of the brain stem reticular formation. There are, however, obvious variations in the amount and nature of sleep shown by the larger domesticated animals when compared to other animals. Regarding sleep and wakefulness the horse is comparable to man, dog and cat, but ruminants such as the ox, sheep and goat diverge greatly from this pattern.
Ruminants normally show only somnolence; in contrast with other animals they rarely show profound sleep. Balch (1955) noticed, while studying the digestive process in the cow, that his animals did not sleep and deep somnolence occurred for only about 30 minutes in a day. He suggested, therefore, that sleep was almost wholly absent in the cow and postulated that this was because in ruminants the upright posture of sternal recumbency was necessary to facilitate eructation of gas from the stomach and also for rumination.
Adult ruminants only rarely adopt a position of lateral recumbency and then only for a few minutes. EEGs of conscious ruminants, however, show slow waves of large amplitude similar to those on records of other species taken during sleep or aneesthesia. It is also possible to record slow wave EEGs from standing animals. Bell (1960) and Ruckebusch (1962a) thought that this deep somnolent EEG of ruminants might be linked with some physiological or biochemical aspect of rumination. Ruminants normally rest in sternal recumbency with the head held erect and the neck straight and during this time the EEG is of a somnolent or sleep-like form as seen in other animals. Sternal recumbency is quite probably necessary to facilitate eructation of the gas formed by the continuous digestion of cellulose in the rumen, since in lateral recumbency the liquid contents of the reticulorumen would obstruct the cardia and produce acute gastric tympany. It appears possible, therefore, that the sleep posture of ruminants has developed pari passu with other evolutionary developments such as the ruminant stomach which provides the large fluid-containing vat necessary for the digestion of cellulose by exogenous cellulase. Balch (1955) suggested also that the extreme transient nature of sleep in ruminants was necessary for rumination. Doubtless sternal recumbency facilitates the regurgitation and reswallowing phases of rumination. Ruminants normally spend about eight hours of the day, mostly during the night, ruminating (Bell & Lawn 1957) . Bell (1960) and others suggested that a degree of synchronization of brain activity might be a prerequisite of rumination and this might be mediated by the ascending brain stem reticular formation. Bell & Itabisashi (1972) have disproved this hypothesis; analyses of 24hour EEGs in sheep show similar amounts of high amplitude slow waves when rumination is reduced to almost nil by feeding finely-ground high energy diets as when long hay is fed, producing eight hours of rumination. The central nervous mechanisms which control the complex behavioural patterns known as rumination are still unknown but it is unlikely that the sleep state is absolutely necessary as a background to this behaviour.
Paradoxical sleep, which is a feature of nonruminants, was demonstrated in goats by Ruckebusch (1962a) . This type of sleep is recorded only with difficulty and usually only after the animal has been habituated for many months to the recording situation. Paradoxical sleep occurs in the horse, ox and sheep as in other animals with the same pattern of complete muscular relaxation of the neck, rapid movements of the eyes and twitching of the facial muscles and ears. The lactating sheep may bleat continually during paradoxical sleep, which may last for some minutes (Ruckebusch & Bell 1970) . Ruckebusch (1970, personal communication) has recorded paradoxical sleep in the horse and shown it to occur only when the animal is in lateral recumbency. In the horse the total period of paradoxical sleep is 10-15% of the total sleep duration, about half of that in man and cat. Paradoxical sleep in the cow does not require lateral recumbency and occurs for a much shorter period than in other animals, occupying less than 4% of the total time spent recumbent.
The small amount of paradoxical sleep occurring in ruminants may be associated with the evolution of the ruminant herbivore. Ruckebusch (1962b) showed that in the suckling lamb about 16% of the 24-hour day could be spent in paradoxical sleep, which compares directly with other animals such as man, cat and horse. In sheep, however, the period of time spent in paradoxical sleep diminishes in a few weeks as the rumen enlarges for the digestion of cellulose.
When the young ruminant is weaned the blood glucose level also falls to a resting level of about Section ofComparative Medicine 177 50 mg/100 ml as the ruminant begins to derive energy from the metabolism of absorbed volatile fatty acids. Therefore, although there may be no definite correlation between the ruminant state and the reduction of 'true' sleep, since long periods of somnolence do occur there may be some causal relationship between paradoxical sleep and the peculiar metabolism of adult ruminants.
Paradoxical sleep in man is sometimes regarded as a necessary accompaniment of dreaming and, of course, we are unable to ascertain whether this is so in animals. In the horse and ox it has been demonstrated that when recumbency is denied the amount of paradoxical sleep subsequently increases. It has also been suggested that paradoxical sleep may be a phase of restitution of biochemical elements in the nervous system. The position of ruminants which normally show very little paradoxical sleep weakens this argument although possibly some normal component of ruminant metabolism may provide the restorative phase. The increase of paradoxical sleep in fatigued cows and horses adds weight to the idea that the paradoxical phase of sleep may be necessary for sustained activity of the nervous system. Observations on sleep in fishes have been made in nature and aquaria, and in relation to electrical rhythms in the nervous system. In coral reefs and atolls some species rest by day and emerge at night (e.g. squirrel-fishes and moray-eels); others, such as certain trigger-fishes, wrasses and parrotfishes, are more active by day. Indeed, some parrot-fishes secrete around themselves a mucous 'sleeping-bag', which is said to reduce their scent to hunting moray-eels. Some nocturnal-resting coral fishes may be picked up by hand. In the deep ocean many mid-water (mesopelagic) fishes, particularly luminescent species, migrate towards the surface by night, where they feed, then begin the dive to their day-time levels just before sunrise. During daylight hours observers in deep submersibles have noted that lantern-fishes and other mesopelagic species are lethargic, some passively drifting with their main axes at acute angles to the horizontal plane.
In aquaria, as in nature, some fishes (e.g. red mullet and barracuda) change their colour pattern (to barred markings) when resting at night. Certain species rest in neutrally buoyant poses, while others, such as trigger-fishes and file-fishes, lie on one side on the bottom. During the day individuals of some species will even defend their sleeping place. Observations suggest that fishes need less sleep than other vertebrates.
Electrical brain patterns of cod resting in the dark show a dominant rhythm in the mid-brain of 8-13 Hz, which has features like the a rhythm of mammals. After arousal by light, the dominant rhythm changes to 18-32 Hz. Similar results were obtained from goldfish. Perhaps experiments will show that control of diurnal activities in sleeping teleosts involves the mid-brain and reticular formations in the diencephalon. (Ookawa & Gotoh 1965 , Peters et al. 1965 , Klein et al. 1964 ; in general there is good agreement between their various results. The EEG of the alert hen comprises largely lowvoltage (less than 50 ,uV) fast (up to 25 Hz) waves, which seem to be little modified by alarm or general disturbance. As the bird becomes drowsy, lower-frequency waves (3-4 Hz) of larger amplitude (over 100 ,V) are interspersed in the basic pattern. In deeper sleep the slow waves predominate, but are punctuated each few minutes by several seconds of low-voltage, highfrequency activity which is generally equated to the pattern seen in paradoxical sleep in mammals.
However, the neck muscles, at least, retain a
